Campylobacter is one of the leading cause of foodborne illness in the US and worldwide, especially linked to poultry and poultry products. In recent years, the increasing popularity of organic chicken products and chickens raised without antibiotics (RWA) has resulted in more companies adopting organic and antibiotic-free production and processing methods; however, it is not evident what effect these practices have on pathogens such as Campylobacter. The purpose of this study was to determine the effects of RWA and organic methods on the prevalence and antimicrobial resistance (AMR) of Campylobacter. Samples were collected from a processing facility that used organic and conventional methods to process RWA broilers. Samples included fecal grab samples from incoming birds, carcass rinses at important steps throughout processing, and environmental samples including equipment swabs, water samples, and air samples. Samples were analyzed for prevalence of Campylobacter by enrichment, and populations of presumptive Campylobacter were quantified. Isolates collected in this study were analyzed for AMR according to the National Antimicrobial Resistance Monitoring System (NARMS) protocol. Results showed that organic birds had a lower prevalence (P < 0.05) of Campylobacter and lower populations of presumptive Campylobacter during early processing steps, but no differences (P > 0.05) between organic and conventional birds were seen post-chill, with the exception of a lower prevalence in post-water-chill organic birds. These observations show that organic methods can be associated with lower initial Campylobacter levels than conventional methods, although appropriate processing interventions result in similar Campylobacter populations post-chill, regardless of processing method. Prevalence of AMR Campylobacter in chickens at slaughter suggest that raising birds without the use of antimicrobials may not be effective in reducing the incidence of AMR Campylobacter in chicken.
INTRODUCTION
Campylobacteriosis is recognized as one of the most frequent foodborne infections with an estimated 840,000 annual cases in the US (Scallan et al., 2011; Scharff, 2012) and 96 million annual cases globally (Havelaar et al., 2015) . Because of its prevalence, the impact of campylobacteriosis on human health is large, and infections specifically by antimicrobial resistant (AMR) Campylobacter are a concern for immunodeficient individuals who may rely on antimicrobial treatment for systemic infections (White et al., 2002; Lund and O'Brien, 2011) . According to the Centers for Disease Control and Prevention, each year there are 310,000 cases of AMR Campylobacter infection and 28 deaths (National Antimicrobial Resistance Monitoring System, 2013) .
Poultry products are frequently associated with contamination by Campylobacter, and some have reported a prevalence on retail chicken ranging between 14% and 89% (Jacobs-Reitsma et al., 2008) . The frequent contamination of these products indicates a substantial public health risk posed by Campylobacter that could be mitigated by better control measures such as best management practices during live-production and processing of poultry. In recent decades, organic poultry has increased in popularity leading to significant increases in market share for these products (Van Loo et al., 2012) . One explanation for this increase is consumer perception that organic products are of superior quality; however, reduction of foodborne pathogens is not a specific objective of organic management practices as 1447 defined by the USDA (2015) , and therefore the effects of these methods on Campylobacter prevalence is uncertain. Additionally, rising incidence of AMR pathogens has also influenced changes in poultry management practices. In the hopes of curtailing the rise in infections caused by AMR pathogens, public pressure has influenced the agricultural sector, including the poultry industry, to limit or eliminate routine antimicrobial use on animals. Consequently, there is an expanding market for products sold under the label "raised without antibiotics" (RWA), or some variation thereof, and some customers will pay more for such products (Bowman et al., 2016) . Although the popularity of these organic and "antibiotic-free" management practices is on the rise, the effects of such methods on Campylobacter prevalence and AMR in processed poultry are unclear. Part of the requirements for organic poultry certification mandate that birds are provided outdoor access during production (USDA, 2017), introducing difficulties in biosecurity that may increase the risk of Campylobacter introduction into a particular flock. Intuitively, it would also be reasonable to conclude that RWA practices should result in lower prevalence of AMR pathogens in response to diminished selective pressure. Thus, the objectives of this study were to determine the effects of organic and RWA methods on Campylobacter prevalence and AMR during processing.
MATERIALS AND METHODS

Plant Details
Samples were collected from a processing plant in the Midwest US, where organic and conventional methods were used for processing of broilers, and the final product was marketed as "antibiotic free." All birds were RWA; however, coccidiostats were used in conventionally raised birds. These birds were treated with nicarbazin up to 28 d of age followed by zoalene until processing age (42 d). The organic birds were vaccinated with Coccivac b52 in place of coccidiostat treatment. Transit time of birds from farm to plant differed between organic and conventional birds, with an approximately 1 h transit for conventional birds and 8 h for the organic birds. After transit, birds were held for a maximum of 4 h prior to processing. Processing differed between organic and conventional birds only during online reprocessing (OLR), during which a spray of 0.5% cetylpyridinium chloride (CPC) was used for conventional processing, and 120 ppm peracetic acid (PAA) was used for organic processing. Two processing lines were used in this plant: one utilizing water-chilling and the other air-chilling, with approximately half of the birds processed on each line. Following OLR, carcasses on the air-chill line were manually rehung onto shackles entering the air-chiller. For water-chilling, 50 ppm PAA added to the chiller followed by a brief (6 to 9 s) dip in 300 ppm PAA in a post-chill immersion tank. For air-chill, birds were dipped into a pathogen reduction tank (PRT) containing 150 ppm PAA immediately upon entering the air-chiller, and after air-chilling briefly (3 s) submerged into a post-chill dip tank containing 1400 ppm PAA.
Sampling Protocol
Samples were collected on16 different days spread over 1 yr. Eight sampling days were during processing of organic birds and 8 d were during processing of conventional birds. The experiment was scheduled so that two sampling dates were performed during each season for both organic and conventional processing. Five fecal grab samples (approximately 10 g each) were collected each day from the end of the live hang conveyor. Each sample was a composite consisting of droppings from three locations along the width of the conveyor. Each sampling day, five carcass rinses were collected at seven different processing steps (35 total carcass rinses). These included (i) post-pick, (ii) post-evisceration, (iii) post-inside/outside bird washer and OLR (post-IOBW), (iv) post-air-chill rehang, (v) post-PRT, (vi) post-water-chill, and (vii) and post-air-chill. The USDA-FSIS methods were used for collection of carcass rinses (USDA Food Safety Inspection Service (FSIS), 2017) which was modified by using a neutralized-buffered peptone water (nBPW) for any residual PAA activity. The nBPW was prepared by adding sodium thiosulfate (NaTS) to the buffered peptone water. Environmental samples were also collected and included equipment swab samples, water samples, and air samples. Swabs were collected from the locations shown in Table 1 by swabbing the carcass-contact surface using Sani-Stick swabs (Labplas Inc., Sainte-Julie, Quebec, Canada) pre-moistened with 10 mL of DE-Neutralizing buffer. The approximate area swabbed for each location is also shown in Table 1 . A 50 mL water sample was collected from the stunner, scalder, water chiller, PRT, and post-air-chill dip tank. To neutralize residual antimicrobial effects, water samples were added to collection tubes containing NaTS for a final concentration of 0.1% NaTS.
Five air samples were collected from each room of the processing floor. The following five rooms were sampled: kill, scald/pick, evisceration/IOBW, water-chill, and air-chill for a total of 25 air samples per sampling day. In each room, sample collection was performed by uncovering five petri plates containing Campy-Cefex medium (Cefex) (Neogen Corp., Lansing, MI) for 1 min. After collection, all samples were stored on ice in a cooler and processed within 12 h of collection.
Microbiological Analysis
Fecal Samples. Fecal samples were prepared for enumeration by adding 10 g of the fecal material to 90 mL of phosphate-buffered saline (PBS; Thermo Fisher Scientific, Waltham, MA) and homogenizing in a Stomacher 400 Circulator (Seward, Worthing, West Sussex, UK) for 1 min at 230 rpm. Homogenized • C inside a GasPak EZ Gas Generating Container System (BD, Franklin Lakes, NJ). The GasPak EZ Campy Container System Sachet (BD, Franklin Lakes, NJ) was used to produce a microaerophilic atmosphere containing 6% to 16% oxygen within 2 h and 2% to 10% carbon dioxide within 24 h. Additionally, samples were enriched for Campylobacter prevalence by adding 1 mL of homogenized sample to 9 mL of single strength blood-free Bolton's Broth (BB; Thermo Fisher) and incubating microaerophilically for 48 h at 42
• C. After incubation, enrichments were streaked for isolation onto Cefex plates and incubated for a further 48 h at 42
• C microaerophilically.
Carcass Rinses. Carcass rinse samples were enumerated by the spread plate method with the undiluted carcass rinse as the zero dilution. PBS was used as the diluent and Cefex agar as the plating medium. Plates were incubated under microaerophilic conditions for 48 h at 42
• C. Carcass rinses were also enriched for Campylobacter prevalence by transferring 1 mL of rinsate into 9 mL BB and incubating microaerophilically for 48 h at 42
• C and then streaking for isolation onto Cefex plates and incubating again for 48 h at 42
Equipment Swabs. Equipment swabs were diluted in 9 mL of PBS and hand-stomached for 1 min to homogenize the sample for enrichment. Homogenized samples were then enriched by transferring 1 mL into 9 mL BB and incubating microaerophilically for 48 h at 42
• C. Enrichments were streaked for isolation onto Cefex plates, which were incubated again for 48 h at 42
• C under microaerophilic conditions. Water Samples. Water samples were directly enriched by transferring 1 mL of sample into 9 mL BB and incubating for 48 h at 42
• C microaerophilically. After incubation, enrichments were streaked for isolation onto Cefex agar and incubated for a further 48 h at 42
• C under microaerophilic atmosphere.
Air Samples. Air samples were directly evaluated for the presence of presumptive Campylobacter by incubating the collection plates for 48 h at 42
• C under microaerophilic conditions.
Isolate Collection
Following enumeration, two typical colonies were collected from each positive sample if available. A phase-contrast microscope was used to observe a portion of each colony for typical spiral morphology and corkscrew motility. If there were no typical colonies on the enumeration plates, colonies were collected from the enrichment plates, if available. To collect isolates, well-isolated colonies were streaked in a lawn onto tryptic soy agar (Thermo Fisher: location) with 5% horse blood (Lampire Biological Laboratories, Pipersville, PA; TSAB). After incubation, lawns were harvested and preserved in cryotubes containing 1 mL of a 20% glycerol solution (Thermo Fisher) and stored at -80
• C.
DNA Extraction
For DNA extraction isolates were streaked for isolation from cryotubes onto TSAB. Following incubation, three colonies from each plate were streaked in a lawn onto a second TSAB plate. After incubating the second set of TSAB plates, lawns were transferred to microcentrifuge tubes containing 1 mL nuclease-free water (Thermo Fisher) and centrifuged for 1 min at 5,000 × g followed by removing the liquid from the pelleted cells. The DNA were extracted from the pellets using a PureLink Genomic DNA Mini Kit (Thermo Fisher) and analyzed for quantity and purity using an Epoch spectrophotometer (BioTek, Winooski, VT) with a 260/280 nm ratio of 1.8 to 2.0 as the purity standard.
PCR Confirmation
After DNA extraction, presumptive Campylobacter isolates were confirmed using a real-time PCR assay previously described by Lund et al. (2004) , which 
targeted a conserved region of the Campylobacter 16S rRNA gene. Confirmed isolates were then differentiated between C. jejuni or C. coli using real-time PCR assays targeting the mapA and ceuE genes of C. jejuni and C. coli, respectively. These assays were previously described by Best et al. (2003) . In terms of prevalence, samples were considered positive for Campylobacter provided at least one isolate was confirmed positive by PCR. As described by Lund et al., DNA from Yersinia ruckeri ATCC 29473 was added to each reaction as an internal positive control (IAC). Primers used for IAC detection were described by Lund et al., and were designed to amplify a conserved region of the Y. ruckeri 16S rRNA gene. DNA for positive controls was extracted from known isolates; ATCC 33560 for C. jejuni and ATCC 33559 for C. coli. All primers and TaqMan probes are listed in Table 2 . Campylobacter 16S rRNA amplification took place in a 20μL reaction containing 10.5μL 2× PrimeTime Gene Expression Master Mix (IDT, Coralville, MD), 0.5 μM camp-F/R primers, 0.25 μM yers-F/R primers, 0.25 μM camp-P probe, 0.5 μM yers-P probe, 50 ng Y. ruckeri DNA, and 10 to 100 ng of template DNA. Reaction conentrations for the mapA and ceuE amplifications were the same. These assays took place in a 20 μL reaction containing 10 μL 2× PrimeTime Gene Expression Master Mix, 0.5 μM of each appropriate primer sets, 0.25 μM of each appropriate probe, 50 ng Y. ruckeri DNA, and 10 to 100 ng of template DNA. PCR using a QuantStudio 3 thermal cycler (Applied Biosystems, Foster City, CA) using the following cycling conditions for all assays: 1 cycle at 50
• C for 2 min; 1 cycle at 95 • C for 10 min; followed by 40 cycles of denaturation at 95
• C for 15 s, annealing at 58
• C for 30 s, and extension at 72
• C for 30 s; followed by a final extension at 72
• C for 5 min. Presence/absence calling of target genes was performed using the QuantStudio Design and Analysis software (Applied Biosystems) with default settings.
For each positive sample, one confirmed isolate was tested for antimicrobial resistance using the CAMPY format Sensititre plate (Thermo Fisher) containing the following antimicrobials: azithromycin, ciprofloxacin, erythromycin, gentamicin, tetracycline, florfenicol, nalidixic acid, telithromycin, and clindamycin. This analysis was performed using a previously developed broth micro-dilution protocol (Trek Diagnostics, Thermo Fisher) utilized by the National Antimicrobial Resistance Monitoring System (NARMS). Resistance was determined using minimum inhibitory concentration (MIC) breakpoints established by the Clinical and Laboratory Standards Institute (CLSI, 2014) and NARMS (USFDA, 2011a).
Data Analysis
Presumptive Campylobacter populations (estimated by Cefex plate counts) were compared between organic and conventional processing using general linear models in SAS 9.4 (SAS Institute, Cary, NC). Tukey's test was used for post-hoc analysis (P ≤ 0.05), and counts were log transformed before analysis. Campylobacter prevalence between organic and conventional processing in fecal samples was compared and at each processing step using the chi-squared test of independence in SAS 9.4 (P ≤ 0.05). If there were fewer than five counts in at least 25% of cells, Fisher's Exact Test was also performed (P ≤ 0.05). Prevalence of AMR Campylobacter was also compared between processing methods using the chi-squared test of independence (P ≤ 0.05).
RESULTS
Presumptive Campylobacter Populations in Fecal Samples and Carcass Rinses
Campy-Cefex populations were compared between organic and conventional processing methods in fecal samples and carcass rinses (Figure 1) , and samples collected during conventional processing showed an approximately 1-log higher overall populations than organic processing in fecal samples and post-pick carcass rinses (P < 0.05). However, this was reversed in post-IOBW and post-rehang carcass rinses, with organic samples having about 1-log higher populations and post-PRT organic samples having 0.5-log higher populations. No differences (P > 0.05) in populations were detected after chill (Figure 1) . Figure 1 . Campy-Cefex populations in carcass rinses collected from processing of antibiotic-free broilers. Superscripts "a" and "b" indicate differences in prevalence between processing methods at a particular processing step (P ≤ 0.05). Absence of superscripts indicates there were no differences (P > 0.05) between processing methods at a particular processing step. Populations reported as Log 10 CFU/unit because carcass rinses were measured in Log 10 CFU/mL and fecal samples in Log 10 CFU/g. Figure 2 . Prevalence of Campylobacter in broiler carcass rinses and fecal samples during conventional and organic processing. Superscripts "a" and "b" indicate differences in prevalence between processing methods at a given processing step (P ≤ 0.05). Absence of superscripts indicates there were no differences detected between processing methods for a given processing step (P > 0.05).
Campylobacter Prevalence in Fecal Samples and Carcass Rinses
The average prevalence of Campylobacter in fecal samples and carcass rinses at each step during organic and conventional processing is shown in Figure 2 . A downward trend in prevalence was observed throughout processing steps for both methods, with a prevalence of 38% to 73% in fecal samples and post-pick carcass rinses and decreasing to 0% to 30% prevalence post-chill. There was a statistically significant difference in prevalence between processing methods in fecal samples (P = 0.0125), with 73% in conventional samples and 45% in organic. For most processing steps, no significant differences were observed (P > 0.05) except for postwater-chill carcass rinses, in which conventional carcasses showed a higher prevalence of 18% compared to a 0% prevalence in organic (P = 0.0117). A total of 635 isolates were confirmed to be Campylobacter spp. by PCR, and the vast majority of these were C. jejuni (87.1%), with only 6.5% identified as C. coli and the remaining 6.4% were unidentified Campylobacter. Prevalence of resistance to individual antimicrobials in Campylobacter isolates recovered from organic and conventional processing of antibiotic-free broilers. Superscripts "a" and "b" indicate differences (P < 0.05) in prevalence of antimicrobial resistant isolates for a given antimicrobial between processing methods (organic or conventional). Absence of superscripts for a given antimicrobial indicates no significant differences (P > 0.05) in prevalence of resistant isolates between processing methods.
Antimicrobial Resistance
A total of 312 Campylobacter isolates were tested for AMR (136 from organic processing and 176 from conventional). Prevalence of isolates resistant to at least one antimicrobial was 75% (234/312), with 3.5% (11/312) showing MDR. Only 25% (78/312) of isolates showed no resistance to any tested antimicrobials. Six MDR patterns were observed, with the most common being resistance to clindamycin, erythromycin, and telithromycin, which was present in four out of the 11 MDR isolates (Table 3) . Also, looking at Table 3 , there were two MDR C. jejuni isolates showing phenotypic resistance to ciprofloxacin, clindamycin, florfenicol, and nalidixic acid. One isolate was resistant to all tested antimicrobials (Table 3) . Most of the MDR isolates were collected during conventional processing (Table 3 ). According to Figure 3 , there were no statistically significant differences observed in prevalence of AMR between isolates collected either during organic or conventional processing except for tetracycline, for which AMR isolates from organic processing were more prevalent (81.6% or 111/136 isolates) than AMR isolates from conventional (65.3% or 115/176).
DISCUSSION
Regarding presumptive Campylobacter populations, a downward trend was observed from early processing steps to post chill (Figure 1) , indicating the effectiveness of processing interventions against this pathogen. Cefex populations started out higher in conventional samples, but this relationship switched post-IOBW, with organic Cefex populations becoming higher. A similar relationship can be seen in the prevalence data as well (Figure 2) . Because post-IOBW carcass rinses were collected after the OLR step, the data suggest that the conventional OLR utilizing CPC was more effective against Campylobacter than the organic OLR using PAA. However, post-chill, no difference in presumptive Campylobacter population between organic and conventional carcasses was detected for either chill method (Figure 1 ), indicating the efficacy of the interventions in controlling Campylobacter. Campylobacter prevalence followed a similar pattern to presumptive populations for each processing step, although significant differences between conventional and organic processing were only detected in fecal samples (Figure 2 ). Fecal samples were 45% to 73% positive, whereas the prevalence of Campylobacter was observed to be 0% to 30% in post chill carcasses, depending on the chill method (Figure 2) . Campylobacter prevalence and populations were higher in conventional birds in fecal samples and in early processing steps despite the fact that organic birds are theoretically more likely to be exposed to external Campylobacter populations through contact with wild birds and animals. One reason for the difference in initial Campylobacter loads between methods could be the longer transit to the processing plant for organic birds, which took about 8 h to reach the plant compared to less than 1 h for conventional birds. Although for Salmonella, evidence shows that longer transit time increases prevalence (Line et al., 1997) , some data suggest that long transit time may provide a protective effect against Campylobacter (Hansson et al., 2010; Lawes et al., 2012) . Populations and prevalence were reduced in post-chill steps compared to early processing steps for both processing methods, and no statistically significant difference in prevalence was observed between organic and conventional processing post-air-chill. However, prevalence was higher in conventional samples post-water-chill, which may be related to the higher initial loads in conventional birds leading to more cross-contamination during early processing steps. Based on the population data in this study, any differences in initial Campylobacter contamination between organic and conventional birds can be mitigated by proper interventions during processing, as there was no difference in populations of Campylobacter between processing methods post-chill.
Additionally, the use of CPC in the OLR step appears to be more effective against Campylobacter than does PAA, as populations were higher in organic birds post-IOBW, which utilized PAA in the OLR step ( Figure  1 ). Additionally, air-chilling was not as effective at reducing Campylobacter prevalence than water-chilling. Post-water-chill prevalence was 0% to 18%, whereas post-air-chill was 20% to 30% (Figure 2 ). An explanation for higher prevalence after air-chill is that waterchilled carcasses were in contact with 50 ppm PAA during the entire chill period, whereas air-chilled carcasses were briefly dipped into PRT tanks containing 150 ppm PAA upon entering the air chill room. This shorter contact time with PAA may have contributed to the higher prevalence in air-chilled carcasses.
Regarding AMR Campylobacter, the vast majority of isolates were of the species C. jejuni (87.1%), making this species most relevant to the discussion, as few C. coli isolates were tested. 75% of isolates were resistant to at least one antimicrobial. This is largely due to the prevalence of tetracycline resistance, against which 72.8% of isolates were resistant. Only 25% of isolates were not resistant to any antimicrobial. In comparison, NARMS reported a 48% prevalence of C. jejuni isolates resistant to at least one antimicrobial in chickens at slaughter (USFDA, 2011b) . Prevalence of MDR isolates (3.5%) was also higher than NARMS reported for C. jejuni (0.6%). Additionally, resistance to almost every antimicrobial was more prevalent in this study than was reported by NARMS in chickens at slaughter, and this was true for isolates collected from both organic and conventional processing (Table 4) . However, resistance to the quinolone drugs ciprofloxacin and nalidixic acid was much less prevalent in this study compared to the NARMS data (Table 4) . Additionally, there was no statistically significant differences in AMR prevalence between organic and conventional isolates except for tetracycline resistance, which was more prevalent in organic isolates (Figure 3) . All of these observations indicate that raising broilers using RWA methods may not result in lower levels of AMR Campylobacter. Finally, as there was no major difference in AMR between organic and conventional isolates, and conventional birds were treated with nicarbazin and zoalene, this indicates that use of ionophores as anti-coccidia measures may not select for co-resistance to any of the antimicrobials tested.
One drawback to this study is the lack of a true control regarding AMR prevalence. These conclusions would be better supported by data from chicken raised with antibiotics by the same company sampled in this study or by performing controlled challenge studies. Nevertheless, these data contribute to the collective effort in determining the effects of antibiotic-free management practices, and the isolates collected in this experiment will provide a basis for further study regarding persistence of individual strains throughout processing and characterization of specific AMR genes associated with organic and conventionally raised and processed chicken.
